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Environmental pollution due to chemicals has become a major problem. For example, heavy 
metals and persistent organic pollutants have been accumulating in animals and higher up the food 
chain, causing toxicity. In the present study, therefore, both mercury and polychlorinated biphenyls 
(PCBs) as environmental chemical pollutants were noted, and their influence on osteoclasts and 
osteoblasts of the teleost scales was examined.  
In goldfish (fresh water teleosts), mercury directly influenced osteoclasts and osteoblasts of the 
scales. TRAP activity as an osteoclastic marker in the scales significantly decreased with treatment 
of mercury in a shorter time than did ALP activity as an osteoblastic marker. In nibbler fish (marine 
teleosts) as well as goldfish, similar results were obtained. With a short time of incubation, 
osteoblasts may be resistant to mercury as a result of the production of metallothionein (MT), which 
plays a protective role in mercury-induced toxicity. Therefore, MT mRNA expression in the scales 
was examined by real-time PCR methods. As a result, MT mRNA expression in the scales of 
goldfish and nibbler fish was significantly increased with mercury treatment. Judging from these 
results, the activation of MT in osteoblasts may be involved in resistance to mercury.  
In goldfish, on the other hand, the influence of PCB (118) on bone metabolism was examined 
both in vivo and in vitro. It was found that PCB (118) induced hypercalcemia, resulting from 
increasing osteoclastic activity in the scales in vivo. In an in vitro experiment, the data were 
reproduced, and osteoclastic marker mRNA expression and enzyme activity increased. In addition, 
mRNA expression of the receptor activator of the NF-κB ligand, which is an activation factor of 
osteoclasts, was promoted by PCB (118) treatment. Therefore, the present study demonstrates that 
PCB (118) promotes osteoclastogenesis in the scales and then induces hypercalcemia in goldfish.  
Considering these results, thus, I conclude that the scale assay system is useful for analyzing the 
effects of environmental contaminants on bone metabolism, and I believe that the above findings 





















































































 M) on 
TRAP activity in the cultured scales 
incubated for 6 hrs. **, *** indicate 
statistically significant differences at p < 0.01 
and p < 0.001, respectively, from the value in 
the control scales.  
Fig.2 Changes in the mRNA expression 
of TRAP, cathepsin K, IGF-1, and MT in 
HgCl2 (10
-4
 M)-treated scales of goldfish 
incubated for 18 hrs of culture. *** 
indicates statistically significant difference 





























時間培養で TRAP 活性が有意に低下した（10-6～10-4 M）（Fig.4）。一方、InHg と MeHg
のALP活性に対する作用を調べた結果、6時間の培養では変化がなかった。しかし、18




Fig. 3 Location of the scales used in the present study. In nibbler fish, we chose the line of scales 
of approximately the same size. In each line, the removed scales were separated in two groups, a 
control group and an experimental group. The scales of group 1 are shown in white; the other 



























ンギョの腹腔にPCB溶液（10 ppmジメチルスルホキシド（DMSO）溶液）を10 μl / body weight (g) 
の割合で投与し、1および2日後にウロコを採取した。2日後にはファイナルの採血も行い、血漿
中のCa濃度やウロコのTRAP およびALP活性を測定した。 








 M) (B) on TRAP activity in the 
cultured scales at 6 hrs. * and ** indicate statistically significant difference at p < 0.05, p < 0.01, 
respectively, from the values of the control scales (n = 6 samples; one sample from one fish). 
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in vitro の実験では、PCB-118を0.025, 0.25及び2.5 ppmのPCB（118）を添加した培地（L-15培
地、ギブコ）でウロコの培養を6及び18時間行った後、TRAP およびALP活性を測定した。18
時間培養後にマーカー遺伝子として、破骨細胞に特異的なカテプシンKとTRAPを、骨芽細胞の


















て、最も高い濃度である2.5 ppmのみで有意に上昇した。これらの結果から、in vivo及び in vitro 
実験において、PCB(118)は破骨細胞の活性を上昇させることが明らかになり、破骨細胞のマーカ 
ー遺伝子であるTRAPとカテプシンKのmRNA発現も有意に上昇することもわかった。さらに、 
Fig. 5 Effects of PCB (118) injection on plasma calcium level (mg/100 ml) in goldfish. Each 
column and the vertical line represent the mean±SEM (n = 10 samples; one sample from one 
fish). ** indicates statistically significant difference at p < 0.01 from the values in the control. 
Fig. 6 Effects of PCB (118) administration on TRAP (a) and ALP (b) activities in the scales 
of goldfish at the 18 h of incubation. Each column and the vertical line represent the mean ± 
SEM (n = 10 samples; one sample from one fish). * and *** indicate statistically significant 




















解析した。in vivoと in vitro の実験から、PCB（118）は破骨細胞の活性を高め、
その結果として血中 Ca 濃度が上昇することが分かった。さらに、RANK-RANKL 系が
関与して、破骨細胞が活性化している可能性も示すことができた。 

